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RESEARCH MEMORANDUM

WIND-TUNNEL INVESTIGATION AT MACH NUMBERS OF l.5 AND 2.0
OF A CANARD MISSITE CONFIGURATION

By J. Richerd Spahr and Robert A. Robinson
SIMMARY

Wind=tunnel tests were performed at Mach numbers of 1.5 and 2.0 to
invegtigate the force, moment, and control characteristics of a canard
missile configuration (Grumman XSSM-N—6) and its components in both
pitch and sideslip, The missile had small all-moveble horizontal con—
trol surfaces at the nose and 2 cruciform wing at the rear, all of trap-
ezoldal plan form. Tralling—edge flaps on the vertical fins were pro—
vided to supply directional control.

The results of the investigation showed no unsatisfactory aerody—
namic characteristics in pitch or iIn sideslip for the complete config—
uration or for the various combinations of components tested. Ths
complete configuration was longitudinelly and directlonally stable for
the center of gravity located at the body midlength position, and the
magnitude of the stability was essentially constant throughout the range
of asngle of attack (~2° to 8°) and sideslip (~8° to 2°) investigated..

Force, moment, and control—effectiveness values for the complete
missile and its components were compubted through the use of epproximate
theorles, and comparisons with the experimsntal results are presented.
For the body alone and in combination with either the wing or canard
surfaces, the theoretical 1ift and moment curves were in reasonsble
agreement with the experimentel results at both Mach numbers. For the
complete missile, the predicted values of 1lift coeffilcient at both Mach
nmmbers and the pitching-moment coefficients at M = 1.5 were also in
reasonsble agreement with the experimentel results; whereas at M = 2,0
the pitching-moment coefficients were considerably less in magnitude
than the experimental values. The 1lift effectiveness of the canard
surfaces was overestimated at M = 1,5 by lineer theory, whereas the .
moment effectiveness was considerebly underestimated at both Mach num—
bers. The cross—force and yawing-moment effectiveness of the rudders
were predicted within gbout 15 percent by linearized supersonic airfoll
theory. A
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The complete configuration in sldeslip at a posltive angle of
attack exhibited & positive dlhedral effect which Increased with pos—
itive deflections of the canard surfaces.

INTRODUCTION

In order to obtain & realistic prediction of the performance, sta—
bility, and control characteristics of a migsile configuration, the
interaction effects among the various components (wing, body, and teil)
must be known. Both the theoretical and experimental aerodynamic char—
acteristics of wings and bodiles acting alone have been investigated
rather extensively, but only limited resulis are avalleble on the inter—
action among the components of wing-body-tail configurations. One means
for assessing the applicability of existing informatlion on these inter—
action effects is a correlation of the experimentally determined char-—
acteristics of particuler missile configurations wlth the cheracteristics
predicted from theoretical methods.

A wind—tunnel investigation has been mede to measure the 1ift,
drag, and static longitudinsl— and directional-stability and control
characteristics of the Grumman XSSM-N~6 (Rigel) Pilotless Aircraft at
Mach numbers of 1.5 and 2.0 to correlate the experimental results with
avallable theory where possible, and to ascertain from the experimental
results whether or not some of the more important tacticel and guidance
requirements of the missile could be satisfied.

The Grumman XSSM-N~6 (Rigel) Pilotless Alrcraft is a ram—jet
powered, surface~to—surface misslle of canard arrangement employing
1lifting surfaces of trapezoidsl plan form. All-moveble canerd surfaces
provide longltudinal control, and tralling—edge flaps (rudders) on the
vertical fins supply directional control. The missile is designed to
cruise at an altitude of 50,000 feet at a Mach number of 2.0 and to
meneuver in an essentially unbanked attitude throughout its £light path.
The canard surfaces are required to produce an acceleration of 3g in
pltch at crulse conditions, and the rudders must supply the necessary
directional control, The missile must be longitudinally and directlion—
ally stable with respect to the cenbter of gravity at Mach numbers from
1.5 to 2.0, booster fins providing stabllity at Mach numbers below this

range.

The present tests were conducted at the request of the Bureau of
Aeronautics, U. S. Navy, and the model was furnished by the Grumman
Aircreft Engineering Corporation.

N
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NOTATION

All forces and moments are referred te the system of axes shown in
figure 1.

a8y normal acceleration, feet per second squared
Cp drag coefficient (‘total drag — base drag)
g8

LCq rise in drag coefficient above minimum (CD - Cp ; )

CDm:Ln minimim drag coefficient
Cq rolling-~moment coefficient ( rolling moment)
gSd

Cq, 1ift coefficient <EE

gs
Cm pitching—moment coefficient <Pit°higgr€m°men’°>
Cn yawing—moment coefficient ya""“%g"““)
Ce cross—force coefficilent <%§fo__rc_:_e_>
d meximm body diemeter, inches
g acceleration due to gravity, feet per second squared
h pressure altitude, feet
1 body length, inches
q fre‘e—stream dynemic pressure, pounds per square inch
M Mach nunber

N.P. neutral polnt aft of body nose, referred to maximum body
diameter, 4

R Reynolds number, referred to body length, 1

..
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body frontal area, square inches
gross weight, pounds
angle of attack, degrees
angle of sldeslip, degrees

angle of downwash, degrees

cangrd-~surface angle, degrees

rudder angle, degrees

( ) o~

wing efficiency, (
do ) <

.

Configuration Designations

body
canard surfaces
horizontal wings

vertical fins

=),
=)

NACA RM A51C08



NACA RM A51C08 | GRS , 5

APPARATUS

Wind Tunnel and Balance

The Amss 1— by 3—foot supersonic wind tunnel No. 2, in which this
investigation was conducted, is an intermittent—operation, nonreturn,
varigble-pressure wind tunnel. The compressed dry air supply is obtained
from the Ames 12-foot pressure wind tunmel and is expanded from a max—
imm pressure of 6 atmospheres through the 1= by 3—foot nozzle to atmos—
pheric pressure. The total pressure, and hence the Reynolds number, is
controlled by means of & throttling valve. The wind tunnel is equipped
with & varieble Mach number nozzle having a rectangular test section
1 foot wide by approximately 3 feet high, The Mach number can be varied
from ebout 1.2 to 4.0 by changing the shape of the flexible steel plates
which form the upper and lower walls of the nozzle.

The strain—gage balance and other lnstrumentation used in these
tests were essentially the same as those used in the Ames 1~ by 3~foot
supersonic wind tunnel No. 1. (See reference l.) Pitching or yawing
moments were measured by strain gages mounted on the modsl supporting
sting, and the rolling moments were measured by means of strain gages
incorporated in the balance. A drawing of the strein-gage balance and
model support 1ls presented in figure 2.

Model and Support

The configuration tested (fig. 3) was a model of a ram—jet powered
canard missile having a 40° conical shock diffuser. For this model the
duct inlet was faired over, and hence there was no Internal flow through
the model. The body had a fineness ratio of 11.5 and terminated in &
short, tapered boattsll section. All wings and control surfaces had
trapezoidal plan forms and were removeble to allow model bulld—up tests.
The canard surfaces had a 6—percent~thick double-wedge section, and the
wing and fin had s 6-percent~thick hexagonal section. (See fig. 3(d).)
The engles of the all-moveble canard surfaces were set by machined inci-—
dence blocks which were held in place by cover plates. Small gaps
(about 0.001—inch wide), which increased with control deflection,
exlsted between the root section of the cansrd surfaces and the body.
These gaps were left unseasled for the present tests. Fixed rudder
deflections were bullt into interchangeasble vertical fins, resulting In
no gap at the hinge line or at the rudder-body Jjuncture. The geometric
characteristics of the wings and controls are summarized in table I.

=
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The model was supported by & straight sting Inserted into the
model base at an esngle of 3°, This arrangement, shown in figure k4,
engbled the model to be tested through an angle-of-attack range of
-£° to 8°, an angle~of—sideslip range of -8°.to 2°, and an angle—of—
sideslip range of —B° to 5° at an angle of attack of 3°. The model was
mounted with the plane of the wing vertical for the sideslip tests.

The sting support was shlelded from aerodynsmic forces by a shroud
that extended to within a small distance (about 1/32 inch) of the base
of the model. Static-pressure orifices in the sting adjacent to the
base of the model permlitted measurement of the base pressure of the body.
Unpublished pressure—distribution results have shown that the pressures
thus obtained are in close agreement with the average pressures acting
over the base.

ANATYSIS OF DATA

The measured resulbts have been reduced to aerodynamic coefficients
which are referred to the axis system shown in figure 1. The angle of
attack or sideslip of the model was computed from the sum of the
balance—angle setting, the Inclination of the model relative to the
baelance under no load, and the change in angle due to the support and
belance deflection under aserodynamic loading., The latter quantity was
determined from the predetermined elastic properties of the balance and
model—support system and from the measured forces and moments. The
control—surface angles were measured directly, prior to the test runs,
and 1t was estimated that the change in these angles due to aerodynsmic
loading was negligible.,

Corrections to Experimental Results

The aerodynamic coefficlents presented have been corrected for the
effects of wind—tunnel—stream nonumiformities. Corrections were made to
the force and moment coefficients for the loading induced on the body at
each angle of attack or sideslip by the stream—angle variations and by
the static—pressure gradients. A description of the method used in
calculating these corrections 1s given in the appendix of reference 2.
The corrections for the effect of stream angle on the loading over the
lifting surfaces were computed on. the basis of the average chordwise
value of stream angle since the variation over the chords of the individ—-
ual wings weas small. The effects of the vertical pressure gradients on
the horizontal surfaces were negligible by virtue of the small thick-—
nesses involved.

AR, >
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All drag data have been corrected to a common pressure on the base
equal to the free—stream static pressure. Thus, the drag data presented
represent the fore drag or the difference between the totel drag and the
base dreag.

Precision of Results

The estimated error in the experimental results for a given test
condition is teken as the square root of the sum of the squares of the
uncertainties in each of the measured quantities and in the calculated
corrections for the nonuniform stream conditions. The following table
lists the estimated errors at both Mach numbers and at an angle of
attack of 8° or an angle of sideslip of —8°:

Estimated error
Quantity [ peiguretions | Configurations
B and BC BHV and BHEVC
Cr, and Cq +0.03 + 0,0k
Cp &nd Op t.08 *.19
Cp +,01 +,0L
c, -— + ,00k
M .02 +,02
a (deg) *,08 +,08
5 (deg) - - +,06
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TESTS AND RESULTS

Tegts were performed for the following model configurations end
conditions:

Configuration M o B 8¢ Bn Measurements
B, BC, BHV, 1.5 and | ~2° 0° 0° 0° Crs Cp»
and BHVC 2.0 to 8° and Cp
1.5 end |-2° | 0° |5%,0%1 o° | ¢, op,
BHVC 2.0 |to 8° 59,10°, and Cp

and 15°
BETC 1.5 end | 0° | -8°] 0° 0% ama| cg, Op,
2.0 to 2° ~20° | and Cp,
BETC 2.0 3° | -5°}09,5°, 0° | Co» Cps
- |©5°] ana 10° Cp, and Cy

The average Reynolds number for these tests was 8.0 million based on
the model length.

The experimental results for the various configurations tested in
pitch are presented in flgures 5 to 12 and the results for the complete
missile tested in sildeslip are given in figures 13 and 1%, Theoretical
1lift and moment curves are also shown where possible for comparison
with the corresponding experimental results. A summary of both the .
experimental and theoretical characteristlcs of the several missile com—
ponents and combinations 18 presented in table II, The experimental
slopes represent the values in the vicinity of zero angle of attack or
sideslip.

DISCUSSION
Characteristics in Pitch

Configuration B.— The 1ift, moment, and drag results for the body
are presented in figure 5. It isg observed that with increasing angles.
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of attack the lift—curve slope dCL/da. characteristically increases,
whereas the moment—curve slope de/dor. decreases. From these effects
it is apparent that a rearward shift of the center of pressure occurs
with increasing angles of attack since the center—of-pressure travel is
essentially equal to changes in the ratio of the moment to the 1ift.

Theoretical curves for the lift, moment, and drag characteristics
of the body are shown in figure 5 as computed from the potential—flow
theory of reference 3 and from the theory of reference 4 in which the
potential—Fflow theory is modified to account for the aerodynamic loading
induced by the viscous cross flow over the body. The drag coefficlents
termed theoretical in figure 5 represent the sum of the experimental
minimum drag coefficient and the rise in drag coefficient with increase
in angle of attack AC; obtained from these two theories.

A comparison of the results presented in figure 5 shows that the
1lift coefflclents and changes in the drag coefficients computed by the
method of reference U4 are in considerably closer agreement with the
experimentel results than are those computed by the method of
reference 3. A similar agreement was found in references 4 and 5 for
a wide variety of bodies at subsonlc and supersonic velocities. It is
noted that the pitching—moment coefficients for the two theories are
nearly coincident. This result follows from the fact that the center
of the viscous cross force is near the midlength point of the body,
which is the point to which the pitching moments are referred. The
experimental values of pitching-moment coefficlent at high angles of
attack are noted to be somewhat less than the theoretical values at
M = 2.0 but the asgreement 1s close at M = 1.5.

Configurations BC and BHV.— The 1ift, moment, and drag results for
the body in combination with the canard surfaces and with the horizontal
wings and vertical fins are presented in figures 6 and T, respectively.
It is noted that with the exception of configuration BC at M = 1.5 the
lift and moment curves for these configurations are essentially linear,
indicating little center—of—pressure change with increasing angle of ’
attack. The 1lift curve of configuration BC at M = 1.5 (fig. 6(a))
exhibits an increase in slope dCr/de with an increase in angle of
attack similar to thaet shown by the body alone (fig. 5).

Theoretical 1ift and moment curves (figs. 6 and 7) for config—
urations BC and BHV have been computed by means of & modified slender—
body theory and a body—upwash theory for compalrson with the experimen—
tal results. With both of these methods, the 1ift and moment
coefficients for a wing-body combination at a given angle of attack
are taken as the sum of the theoretical 1ift or moment coefficient for
the body and the corresponding value for the wing in combination with
a semi—infinite cylinder having & dlameter equel to that of the body
at the wing location. For the present epplicetions the theoretical

winiaenes
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lift end moment characteristics of the body for both methods were
obtained from the theory of reference U4, which includes the aerody—
namic loading due to the viscous cross flow over the body. It was
assumed 1n these calculations, however, that no viscous cross force
existed over the portion of the body which conteined wings or canard
surfaces, and that the effect of the canerd surface or wing downweash on
the body was negligible. It was also assumed that the vertical fins had
no effect on the 1ift or moment cheracteristics of configuration BHV in
pitch. '

For the modified slender—body theory, the 1lift and moment coeffli-
cients for a wing-—cylinder combination are taken es those computed by the
slender—wing—body theory of reference 6 multiplied by the ratio. of the
wing 1ift and moment coefficients obtained from linear theory to the
corresponding coefficients obtained from the slender-wing theory of
reference 7. The linear—theory characteristics for the wing and canard
surfaces of the present configuration were obtained from reference 8.

A discussion of the development of the modified slender-body theory and
its application to trianguler—-wing and body combinations are given in
reference 2 wherein good agreement 1ls shown wilith the experimental results.

For the body—upwash theory, the 1lift and moment coefficients for a
wing—cylinder combination are given by the 1ift and moment coefficients
of the exposed wing operating in the theoretical flow field of an
inclined cylinder. These wing cherecteristics are cbtained by means of
gtrip theory, that is, the integration over the plan form of the product
of the local angle of attack (a—e) and the locel rate of change of load
coefficient with angle of attack as computed from lineasr theory for a
f£lat wing of the given plan form. These 1lift and moment coefficients _
mey be expressed by the general equatlons

Cr, = % d67‘g£é§égl (a—€) dxdy
T

Cp = g& 047\ E&éﬁéﬂl (a—€) id#dy

where . ——

S reference area

A_qlz local load coefficient
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€ local downwash angle

d reference length

x streamwise distance forward of moment refersnce point
Y spanwise dlstance from body axis

T exposed wing or canard surfaces

For a circular cylinder, the theorstical upwash distribution in the
horizontel meridian plane (z=0) is given by, the relationship

(reference 9)
2
y

where
8 Dbody radius

The theoretical load coefficients A@/q for the present plan forms
were obtained from reference 8. Applications of the body—upwash theory
to wings of simple plan forms in combination with a semi—infinite cyl—
inder and comparisons with experimental results are given in

references 10 end 11. Closed expressions are derived in reference 10
for the 1ift characteristics of a combination having a general trap—
ezoidal plan—form wing, and the 1ift and pitching—moment charscteristics
of a body in combination with rectangular or triangular wings are given
in reference 1ll. Generally good agreement is shown in these reports
with experimental results.

_ Comparison of the results for configuration BC (fig. 6) shows that
the theoretical 1ift end moment coefficients are in good agreement with
the experimental values, the results computed by the body—upwash theory
being generally in closer conformity with experiment than those from the
modified slender-body theory. For configuration BHV (fig. T7), however,
it is noted that the theoretical values of lift computed by both the—
ories are less than the expsrimental values and that the moments are
more positive than the experimental values. In contrast to the compar—
ison for configuration BC, the results for configuration BHV computed
by the modified slender-body theory are generally in closer agreement
with the experimentel results than those computed by the body—upwash

theory.

Although the lift end moment results computed from the two theoret—
ical methods are in reasonsble agreement with each other, such agreement
may be fortultous because of the assumptions and approximations involved

s any
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in these methods. It is believed thet the modified slender-body theory
is inherently a more valid method than the body—upwash method since,

in the former method, both the effect of the wing on the body and of the
body on the wing are included whereas, in the latter method, it is
assumed that the interference is confined to the effect of the body flow
field on the wing and that no wing 1ift is garried over onto the body,
which is contrary to experimental evidence. - Moreover, in the bodyé
upwesh method 1t 1s assumed that no interaction tekes place between adja—
cent 1lifting elements on the wing as induced by the local body-upwash
field. This assumption is valid only in regions of small spanwise veloc—
1ty gradients. However, the actual spanwise downwash gradients are
relatively large, especially over the inboard region of the wing. The
results of calculations by means of the linearized lifting—surface theory
indicate that the local loadings induced on & wing by the body flow Ffield
are considerebly less in this reglon than those predicted by strip theory.
It follows that the 1lift computed by this method 1s underestimated by
neglecting the effect of the wing on the body and is overestimated by
using strip theory. Hence, these two approximations apparently result

in nearly compenseting effects on the lift and moment coefficients of

the present configuration. -

Configuration BEVC.— The 1ift, moment, end dreg results for the
complete configuration are presented in figure 8. It is noted that the
1ift curves are essentially linear and that the variation of the moment—
curve .slope with angle of attack is small. Thus, no appreciable change
in static longitudinal stebility occurred over the range of angle of
attack investigated. The neutral—point locations given in table II
indicate an increase in stability with Mach number.

.As a meassure of the interference effects of the canard surfaces
and body on the wing-body combination, the pitching-moment results of
configurations B, BC, BHV, and BEVC cen be combined to determine the
wing efficlency =n,, &as defined in NOTATION. The wing efficiency 1is
influenced principally by the downwash field behind the canerd surfaces
and body and secondarily by the differences in the Mach number and
dynemic pressure at the wing from the free-—stream values. The resulting
values of 1., glven in table II, were computed from the average slopes
of the experimental pitching—moment curves. - These values indicate that
the net interference effect 1s relatively small since a value of 1
represents no interference. These relatively high wing efficiencies
are probebly due to the fact that the effect on the wing load of the
downwash behind the canard surfaces inboard of the canard tips is
largely compensated by the effect of the upwash behind the surfaces
outboard of the tipe since the wing span is considerably greater than
the span of the camard surfaces. Schlieren photographs are presented
in figure 9 which show gide end plan views of the vortex wake shed by
the cenard surfaces and wing. From the plan view it is observed that’
the tip vortices converge in passing downstreem, indicating a rolling

SPTENIER
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up of the vortex sheet. From an analysis of these schlieren photographs
it was found that the canard—surface tip vortices are essentially rolled
up in the vicinity of the wings. This result is in qualitative agree—
ment with reference 12.

Since the interference effects of the canard surfaces and body on’
the wing—body combination were found to be small, as indicated by the
experimental values of T (teble IT), theoretical 1ift and moment
curves for the complete configuration have been computed on the basis
of zero interference (1,=1) between the front and rear lifting surfaces.
The results obtained from both the modified slender—body and body—
upwash theorles are shown in figure 8, and the 1lift— and moment—curve
slopes at zero angle of attack from the modified slender-body theory
are given in teble II. The comparison between the theoretical and
experimental results is generally similar to that shown for configura—
tion BHV. This would be expected since the wings furnish the predom—
inating influence on the characteristics of the complete configuration
by virtue of their size and 1lift effectiveness.

The effects of deflection of the canard surfaces on the aerodynamic
characteristics of the complete configuration asre shown in figures 8
and 10. From figure 10, it is noted that the control—effectiveness
perameters dCr/ds, and dC,/d5, are essentially constant over the
angle—of—attack range and are independent of the control deflection
except that at M = 1.5 the moment effectiveness decreased somewhat
gbove about 6°. Theoretical 1ift and moment control—effectiveness
values have been computed from linear theory (reference 8) on the
agsumption that the net interfersnce effect on the wing is negligible.
The results of these calculations are given in table IT and figure 10.
The 1ift results appear to be in reasonable agreement but the theoret—

ical moment effectivemess dCp/d8. 1s considersbly less than the
experimental values at both Mach numbers.

From the 1ift and moment results of figure 8, the maneuverability
and stablility characteristics of the missile for various conditions of
flight can be estimated. Figure 11 shows the 1ift for zero pitching
moment attainable with various control deflections with the center of
gravity located at the midbody position. The corresponding normal
accelerations for the design missile loading and for two altitudes are
also shown. These accelerations are inversely proportional to the
loading and, hence, values at other loadings may be determined accord—
ingly. It is noted that with the larger control deflections the maneu—
verability increases with increases in Mach number and that a large
decrease occurs with Increases in altitude. A tactical reguirement of
the present missile is that an acceleration of 3g shall be developed =’
M = 2,0 at an altitude of 50,000 feet. Figure 11 indicates that a
control deflection in excess of 15° would be required to meet this
condition. Figure 12 shows the variation in normal acceleration with
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static margin, which is an indication of the effect of static stability
on maneuverability. For a constant control deflection it is noted that
large reductions in the aveilable accelerations are suffered by increases
in the static margin, particularly in the region of low stability. The
reduction of .the static margin to permit large acceleratlons with a
given control deflection, however, is accompanied by an increase in the
engle of attack. In order to maintaln large lift—drag ratlios, 1t is
desiraeble to avoid high angles of attack. The variation In acceleration
with static margin for an angle of attack of 5° ig shown in figure 12.
It is noted that the acceleration increases slightly with increasing
stability although, of course, larger control deflections are required
to develop these accelerations.

Characteristics in Sideslip

The cross~force, yewlng-moment, and drag results for configuration
BHVC at zero angle of attack are presented in figure 13 as functions of
angle of sideslip. Both the cross—force and yewlng-moment curves are
essentially linear indicating constent static dlrectional stabllity over
the test range of sideslip angles.

Theoretical values for the cross—force and yawing-moment curve
slopes were computed by the two methods previously discussed for config—
urations BC and BHV in pitch. In these calculations it was assumed that
the canard surfaces and horizontal wing had no effect on the cross—force
and yawing-moment characteristics in sideslip. These thecretical
results, given in figure 13 and teble II, show that the cross—force
coefficients are generally lower than the experimental values, the
agreement being within 10 percent for the slender-body theory and only
20 percent for the body-upwash theory. The theoretlcal yawing-moment -
coefficlents, however, are much less negative than the experimentel
values. This comparison 1s qualitatively similar to the previously
discussed comparison for configuration BHV in pitch.,

The effect of rudder deflection on the characteristics in sideslip
1s shown in figure 13. A rudder deflection of 20° results in an essen—
tially constent increment of cross—force and yawing-moment coefflcients
over the sideslip range. Theoretical values for the rudder—effectiveness
persmeters dCc/dSr snd dCn/d8, have been computed from linear theory
and the results are tebulated in table II with the corresponding exper—
imentel values AC;/ASp and ACn/Aﬁr; Comparison of these results shows
that the theoretical and experimental values are in close agreement
except for the moment effectiveness ACn/Aﬁr gt M = 2,0 which differs
by about 15 percent.
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The cross—force, yawing-moment, rolling-moment, and dreg results
for configuration BHVC at M = 2.0 and at 3° angle of attack are pre—
sented in figure 14 as functions of angle of sideslip for various
canard—surface angles. The side—force and yawing—moment curves are
essentially linear indicating thet no changees in static directional
stability occurred over the test range. Comparison of the side—force
and yewing—moment curves for zero canard—surface angle and 3° angle of
attack with those for an angle of attack of 0° (fig. 13) 'shows that
both the side—Fforce and yawing-moment curve slopes are reduced slightly
due to an increase in angle of attack. (See teble II.) The results
presented in figure 14 show that Increasing the canard—surface deflec—
tion also caused a reduction In these quentities and resulted in a2 desta—
bilizing effect. The rolling moment curves show that & positive dihedral
effect occurred which increased with increasing canard-surface angles.
The rolling moments encountered by this configuration in combined pitch
and sideslip are probasbly caused by several factors. One of these
factors 1s the interaction between the wings and vertical fins. Under
these conditions, a difference in the flow fleld over the upper fin from
that over the lower exists dus to the inclination of the horizontal wing
and, hence, when the vertical fin is inclined in sideslip, a differen—
t1al loeding over the fins results. A similsr and compensating effect
of the fins on the wing loads 1s experienced, but the resulting rolling
moment for & rotationally symmetric configuration will be zero only when
the angle of attack and sideslip are egual. A theoretical treatment for
this effect 1s glven in reference 13. For horilzontal wings of different
size or plan form or in a different longitudlinel location from the ver-
tical fins, & net rolling moment will be experienced at all combinations
of angle of attack and sideslip. Another cause of these rolling moments
is the effect of the asymmetric downwash distribution from the canard
surfaces on the wing loed distribution. This effect would be Iinten—
sified by deflection of the cansrd surfaces and is probably the cause
for the variation in rolling moment with control deflection shown in
figure 14.

CONCLUDING REMARKS

Wind—tunnel tests were performed at Mach numbers of 1.5 and 2.0 to
investigate the 1ift, drag, and longitudlinal— and lateral-stabllity and
control characteristics of a canard missile configuration. The results
showed that the force and moment characteristics in pitch and sideslip
were regular and that no appreciable change in static stability occurred
over the test range of angle of inclination or of control-surface deflec—
tlon. It was found that the 1ift and moment characteristics of the body
alone and in combination with the wing or canard surfaces could be pre—
dicted reasonably well by existing theory. For the complete missile,
the predicted values of 1ift coefficient at both Mach nmumbers and the

.
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pitching—moment coefficients at M = 1.5 were in reasonable agreement
with the experimental results; wherees at M = 2,0 the pitching—moment
coefficients were conslderebly less in magnitude then the experimental
values. The lift effectiveness of the canasrd surfaces was overestimated
at M = 1.5 but predicted closely at M = 2.0 by linear theory; whereas =
the moment effectiveness was greatly underestimated at both Mach numbers.

The cross—force and yawing-moment effectiveness of the rudders was pre—

dicted within 15 percent by linearized supersonic alrfoil theory. The B
complete configuration in sideslip at a positive angle of attack exhib-
ited positive dihedral effect which increased with increasing positive
deflections of the canard. surfaces.

Ames Aeronautical Isboratory, i
Wational Advisory Committee for Aeronsutics, :
Moffett Field, Calif. : S
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TABIE I.— DIMENSIONS OF EXPOSED WINGS AND CONTROL SURFACES

Horizontal| Canard Vertical

Quantity wings surfaces fins Rudder
Surface areas, in.® 3.045 0.345 1.800 | 0.456
Aspect ratio 2.95 2.50 2.66 —_——
Taper ratio A6 .50 .50 50
Thickness ratio .06 .06 .06 — -
Leading-edge sweepback 14.0° 28.1° 20.5° 0°
Semispan, in. 1.531 .488 1.095 1.095
Mean serodynamic chord, in. 1.063 .385 851 .213
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TABIE II.— SUMMARY OF RESULTS

CommumpETrrny

Asrodynamic Characteristics in Pitch

9

Lift Moment Drag
Config—
wration| ¥ | &CL acL Em | & | o5 &Cp R
da a8, da. 8¢ = G2 Dain
1.5| 0.035 - 0.210 - - - 0.40 -
B (.028) (.195)
2.0f .02 - .190 - - - .3H I
(.028) (.196)
1.5| .078 - .375 - - okl A1 -
BC ( ‘083) ( -38&)
2.0 .076 - = .293 - -— 071 .35 -
(.065) (.321)
1.51 .367 N — ~.520 - - .050 .58 -
BHV
2.0 .288 - —. 34k - - 067 .48 -
{.240) (—.266)
15| .301 .018 —.256 .137 6.4 .0kg .59 .88
BEVC (.385) {(.022) | (—.272) | (.08L4) | (6.4k)
2.0} .311 .015 —-.235 .072 6.51 .055 g |1.00
(.277) [(.015) | (—.1k1) | (.05T) | (6.22)
Aerodynemic Cheracteristlics in Sideslip
[Configuration BHVC]
Cross—force Moment Dreg
S R I IS PR T N T Y
ap 28, ap 0B, ap [
o -0.245 0.03L | 0.250 |-0.089 0.072] 0.59
.5 |o° | o (-.219) | (.030)| (.e17) |(—o08) | °©
o ~.208 .021 .180 —.069 012| k9
© |o (—161) | (2023)| (lo90) | (=059 | ©
2.0 0° —.195 - - .178 —— | —.0030 109 .55
3° | h4.8° —.188 -— .1%0 —— }=0091 | —=| .56
9.8° -.185 -— .100 - = 1-.0183 - - .59

Note: The values in parentheses are theoretical results corresponding ——NACA -~
to the experimental results directly sbove.
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Relative
wind

7

a

Relative
wind

Moment reference point

Figure |. —Coordinate axis system and positive direction of forces,
moments, and angles.
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Flgure 2.— Model support and strain—-gage balance.
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(b) Side view.

(¢) Three—quarter view.

Figure 3.~ Model configurastion.
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(a) Pitch tests.

I_"llﬁll!”!ll‘ll'l'llll‘

(b) Sideslip tests.

Figure 4.— Model ingtallstion in the wind tunnel.
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Lift coefficient,C;
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Figure 9.~ Schlleren photographs of configuration BEVC in pitch,
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